Abstract. The aim of the research is to analyse the effects on agricultural water demand in the Lower Pak Phanang River Basin area due to climate change. The climate data used in the analysis were rainfall, maximum, minimum, and average temperatures. The climate datasets were obtained from statistical downscaling of global circulation model under the CMIP5 project by means of bias correction with Optimizing Quantile Mapping implemented by the Hydro and Agro Informatics Institute. To determine agriculture water demand, reference evapotranspiration (ETo) based on Hargreaves method was calculated for both baseline climate data and forecasted climate data in 2038. For agriculture water demand in the Pak Phanang river basin, we considered paddy field, palm oil, rubber, grapefruit, orchard, vegetable, ruzy and biennial crop, based on land use data of the Land Development Department of Thailand in 2012. The results showed that forecasted agriculture water demand in 2038 with existing land use data in 2012 will be increased with the average of 18.9% or 61.78 MCM as compared to baseline climate condition. Both water demand and supply management measures would be suitably prepared before facing unexpected situation.
Introduction
Climate change affects several aspects of global community, especially food and livelihood security. It is therefore inevitable to comprehend such phenomena and to prepare for facing negative effect occurrences. In recent years, many studies have shown that Thailand has the potential to be affected by climate change. According to Thailand's Department of Meteorology, from 1981 to 2007, Thailand had an average temperature increase of about 1 degree Celsius. The Intergovernmental Panel on Climate Change (IPCC) predicted that in 2050 Thailand will have an average temperature rise of 1.2-1.9 degrees Celsius, and there is likely to increase sea surface temperatures. The moment 10 years ago, the water temperature in the sea area of South East Asian with a temperature increase of 0.1-0.3 ° C (1951 to 2000). The results from several researches show that Thailand will have a lower number of rainy days and lower rainfall, especially during the dry season, on the other hand, there is a high rainfall intensity during the rainy season [1] [2] [3] [4] [5] [6] . It has been found that this change in agricultural production has a significant effect on agricultural output, especially rice, which is likely to decrease [7] [8] [9] . For this research, we analyzed and compared the amount of water demand of each plant species based on the Hargreaves method [10] using climate data including highest and lowest temperatures, average temperatures, and daily rainfall for baseline and future events.
Study Area.
The Pak Phanang River Basin (PPRB) is located on the east coast of southern Thailand. Pak Phanang River is the main waterway which has a length of about 180 km covers Pak Phanang District, Hua Sai District, Ron Phibun District, Chian Yai District, Chulabhorn District, Phra Phrom District, Chalerm Phrakiat District, Cha-am District and some parts of Lan Saka District and Nakhon Si Thammarat District. The terrain can be divided into three parts: the upper watershed is a high mountain and parallel to the coast. The middle part of watershed is alternating area between high and low, and the lower part of watershed is adjacent to the Gulf of Thailand, where the flood plain and some lowland areas are below normal sea level. In the past, PPRB had abundance of a swampy forest area in the middle part of watershed. Such area was a significant natural water source for agriculture. However, when the swamp area was destroyed, the Lower PPRB has been facing water shortage as well as sea water intrusion problems. Additionally, the Lower Lower PPRB, which is a coastal lowland, has been affected by sea level rise and fall and deposited by sediment at the river mouth estuary. Such situations affects to deficiency of cultivation, economic downturns, and people emigration. In the year 1992, His Majesty the late King Bhumibol Adulyadej gave an order problemsolving measure for the Pak Panang watershed, MATEC Web of Conferences 192, 03043 (2018) https://doi.org/10.1051/matecconf/201819203043 ICEAST 2018 including three main tasks: 1) constructing Pak Phanang floodgate to solve the water shortage problem for agriculture and household use, 2) dredging the canal for the purpose of drainage during rainy season and storing water during dry season, 3) dividing land use areas into freshwater and saltwater areas by construction of flood gates and water control structure along the tributaries. The command areas and water control structures of the Lower PPRB are shown in Figure 1 . It shows components of the system including main river (Pak Phanang river), canals, command area, locations of pumping station, agricultural water demand in each command area, water flow direction, return flow, and water storage or community pond in each command area. Main Canal (MC) command area is the area which irrigation water is obtained from pumping water from river or canals into gravitational irrigation canal system, whilst Main Drainage (MD) command area which irrigation water is obtained from pumping water from river or canals into drainage canal system (water flowing with adverse slope). River and canals storage system of approximately 70 million cubic meters are the main water sources of the study area, especially during dry season. It is insufficient for more growing water demand. The schematic diagram of the Lower PPRB in Figure 2 shows the linkage components of the system, including Pak Phanang River, canals, command areas, locations of pumping station, initial water flow direction, and return flow. [11] . The climate conditions include 4-5 scenarios depending on the data portal contribution such as historical, RCP2.6, RCP4.5, RCP6.0 and RCP8.5. The concerning period can be separated into 4 periods such as historical scenario for 1 period (1979-2006) and RCP scenarios for 3 periods (2015-2039, 2045-2069 and 2075-2099). Furthermore, the bias corrected GCM data were conversed to the 0.25° x 0.25° gird format (885 grids) [12] . This study used the CNRM-CM5 model using the Scenario RCP4.5 and Scenario RCP8.5.
Methodology 2.1 Land Use Analysis
Land use data in 2012 obtained from the Land Development Department of Thailand was used for determination of agricultural areas of the Lower Pak Phanang Basin. It was the third level of land use. Land use data consisted of paddy field, deserted paddy field, palm, tropical rain forest, swamp forest, mangrove forest, vegetable crop, biennial crop, rubber, deserted orchard, perennial, industry land, aquaculture land, river/canal/irrigation canal, soil puddle/sand/lateritic/old mine, farm pond, and others. It indicated that the Lower PPRB had an area of about 66,772.32 acres and the most used areas were paddy field with total area of 39,272 hectares, equivalent to 42.82 percent of total area. The second is the total area of 12,101 hectares of palm plantation, which is 13.20 percent of the total area.
All results are shown in Figure 3 . 
Water Demand Analysis
The agricultural water demand analysis in the Lower PPRB was based on the calculation of the water demand for 8 plant species, including paddy field, palm oil, rubber, grapefruit, orchard, vegetable, ruzy and biennial crop. It was analysed for both baseline climate data and forecasted climate data in 2038. Hargreaves equation [10] as shown in equation 1 was applied herein for determination of reference evapotranspiration (ETo) since it required only four climate data, including rainfall, maximum, minimum, and average temperatures. It is coincident with climate data obtained from the Hydro and Agro Informatics Institute. The water equivalent of the extraterrestrial radiation can be derived from locations of climate stations. And water requirements at farm level were analysed using equation 2. Due to number of pages limitation, the more detail information about Kc values for each plant can be found in Plant Coefficient (kc) of 40 plants [13] WLP is water required for land preparation;
WPS is percolation and seepage losses of water from paddy field;
WL is water to establish standing water layer;
Pe is effective rainfall.
3 The results 
Discussion and conclusions
This research aimed to study the impacts on the amount of water demand of plants in response to climate change in the year 2038 to be ready to deal with the situation in the future.
The results showed that in the future, especially during the dry season, the agricultural water demand in the Lower PPRB Basin, a complicated irrigation area, will be higher with the average water demand of plants per area of approximately 22 percent due to higher temperature and lower rainfall. These coincided with the previous research [14, 15] . The preparedness measures for facing an unexpected event could be significantly considered for all concerning agencies as well as local farmers, for example, optimal cropping pattern, water infrastructure development projects, community or farm pond promoting rainwater harvesting.
